A series of D-glucosamine derivatives were synthesized (2-4) and evaluated for their antimicrobial activity. Some of the compounds investigated have shown significant antimicrobial activity against Gram-positive and Gram-negative bacterial strains as well as a few fungal strains. The results suggest that the presence of sugar moiety is necessary to biological activity.
Introduction
Carbohydrates are the most abundant class of biomolecules, making up 75% of the biomass on Earth [1] . Carbohydrates are used to store energy but also perform other important functions to life [2] .
Recently, carbohydrates and their derivatives have emerged as an important tool for stereoselective synthesis and as a chiral pool for the design of chiral ligands. They are used as chiral building blocks, precursors for drug synthesis and chiral catalysts in asymmetric catalysis [3] [4] [5] [6] [7] [8] .
Despite the importance of carbohydrates in biological events, the pace of development of carbohydrate based therapeutics has been relatively slow. This is mainly due to practical synthetic and analytical difficulty. Recent advances in the field, however, have demonstrated that many of these problems can be circumvented and evidence the importance of carbohydrates as bioactive substances, with regard to antibacterial, antiviral, antineoplastic, antiprotozoal, and antifungal activity among others, related recently in literature [9, 10] .
On the other hand, imines or Schiff bases are easily generated by condensation of carbonyl groups and primary amines. In carbohydrate chemistry, a large number of imines have been reported, both by reaction of sugar aldehydes with amines and by reaction of aminosugars with aldehydes [11] [12] [13] [14] [15] [16] . Schiff bases and their metal complexes have several applications as catalysts in oxygenations, hydrolysis, and other reactions, antimicrobial and antiviral activities, among other applications [15] [16] [17] . Preparation of 4-anisaldehyde and cinnamaldehyde glucosamine imines and their acetylated derivatives is usually used as a convenient strategy for selective protecting of the amino group of the aminosugar [11, 18, 19] .
Recent studies have shown that Schiff bases derived from glucosamine have antifungal [20] and antibacterial activity [21] . On the other hand, aldehydes present in essential oils may also have action against different microorganisms. Cinnamaldehyde, the main component of Cinnamomum zeylanicum essential oil, specie of Lauraceae family, has several activities such as antioxidant, antibacterial, and antifungal [22] . This field has been explored by our research group and in this context, we report herein the synthesis of Schiff bases 3-6 derived from D-glucosamine 1 or 2-aminoethanol 2 and aldehydes in order to evaluate the importance of the presence of carbohydrate moiety for antimicrobial activity.
Results and Discussion
The synthesis of compounds 3-6 is shown in Schemes 1 and 2. The Schiff bases are readily prepared from D-glucosamine and 2-aminoethanol in one or two straightforward steps.
D-Glucosamine was first converted into the imines 3a or 3b by treatment with different aldehydes. The resultant imines were acetylated with acetic anhydride and pyridine to the tetra-acetylated glucosamine derivatives 4a and 4b (Scheme 1).
To evaluate the importance of the presence of Dglucosamine moiety for antimicrobial activity of the compounds obtained, we plan the synthesis of compounds with similar physical chemistry characteristics, but with simpler structures, without the aminosugar unit. The imines 5 and 6 were prepared, by 2-aminoethanol and the respective aldehyde condensation reaction, followed by acetylation of the hydroxyl group of aminoethanol (Scheme 2). The first step was carried out without the use of solvents, and the expected products were obtained quantitatively. Then we proceeded to the acetylation of 2-(arylidene-amino)ethanol 5 hydroxy group with acetic anhydride and pyridine. The yields of these reactions were very good (90 and 93%). All products were characterized by 1 H and 13 C NMR. The compounds 3-6 were evaluated for their efficacy as antibacterial and antifungal agents by disk diffusion method [23] [24] [25] against various microbial strains. The in vitro antibacterial activity of the synthesized compounds 3-6 was studied against the following bacterial strains of Grampositive organisms: Staphylococcus aureus (ATCC 25923), Listeria monocytogenes (ATCC 7644), and Enterococcus faecalis (ATCC 29212), and Gram-negative organisms: Escherichia coli (ATCC 25922), Pseudomonas aeruginosa (ATCC 27853), Salmonella choleraesuis (ATCC 10708), and Klebsiella pneumoniae (ATCC 700603), by agar disk diffusion method. We also tested the antifungal activity of compounds 3-6 in Candida albicans (ATCC 90028). Imipenem and Sulfazotrin were used as standard drugs. From the results shown in Table 1 it can be interpreted that the compounds 3-4 (entries 1-4)are active against Gram-positive, Gram-negative bacteria and fungi strains. It was observed that antibacterial activity of the compounds tested varied significantly depending on the bacteria studied, the highest sensitivity being against Gram-positive compared to Gram-negative strains. Another factor considered was the chemical structure of compounds. Comparing the compounds 3a and 3b in the deacetylated form with the acetylated compounds 4a and 4b it was verified that the compounds that showed greater antimicrobial activity were the deacetylated compounds. The compound with more activity was 3b, prepared by reaction of D-glucosamine with cinnamaldehyde. Apparently the presence of glucosamine moiety contributes significantly to antimicrobial activity. For compounds 5a, 5b, 6a, and 6b, derived from 2-aminoethanol, it was observed that these compounds showed no activity against the microorganisms evaluated (Table 1 , entries 5-8). A possible explanation for the observed difference in activity between glucosamine derived Schiff bases and those derived from ethanol amine may stem from different rates of hydrolysis for the respective Schiff base.
When the results are compared with standard drugs Imipenem and Sulfazotrin (Table 1 , entries 9-10), it was observed that only compound 3b presented the best activity against Listeria monocytogenes and Pseudomonas aeruginosa.
From the results of disk diffusion method, substances that presented inhibition zone (3a, 3b, 4a, and 4b) were studied to determine the minimal inhibitory concentration (MIC) by microdilution method. The results are shown in Table 2 . These results confirm that the deacetylated compounds 3a and 3b are more active than acetylated derivatives. We also observed the greatest activity against Gram-positive bacteria compared to Gram-negative strains.
The last decade has witnessed a mass downsizing in pharmaceutical antibiotic drug discovery initiatives. Grampositive infections are associated with high rates of morbidity and mortality. Indeed, reports estimate that in 2005 the Gram-positive cocci methicillin resistant S. aureus caused more US deaths than HIV/AIDS [26, 27] .
The growing spread of multidrug-resistant bacteria, as exemplified by carbapenem-resistant Enterobacteriaceae carrying metallo--lactamase-1 (NDM-1, an enzyme that confers resistance to a broad range of -lactam antibiotics), highlights the urgency to find new antimicrobial compounds [28] .
When taken together, our results illustrate for the first time that antimicrobial effect of D-glucosamine derivatives is due to the presence of sugar moiety and these compounds can serve as a basis for the development of new antimicrobial agent, but more studies are necessary.
Material and Methods
All reagents and solvents used were of analytical grade. The 1 H NMR (200 e 400 MHz) and 13 C NMR (50 e 100 MHz) spectra were obtained from Bruker DPX200 and DPX400 spectrometers using tetramethylsilane as internal standard.
Synthesis of 2-Arylidene-2-deoxy--D-glucopyranose 3 (General Procedure).
In a 25 mL round-bottomed flask were added D-glucosamine hydrochloride 1 (1.00 g; 4.6 mmol), 1N NaOH (4.6 mL) and the correspondent aldehyde (4.6 mmol).
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The solution was stirred until a solid appeared (10-30 min) and then was maintained in the refrigerator for a few hours. The solid was filtered and washed with cold water and a solution of methanol/ether (1 : 1). The product was obtained pure enough. 
2-(4-Methoxybenzylidene)-2-deoxy--D-glucopyranose

2-((E)-3-Phenylallylidene)-2-deoxy--D-glucopyranose
Synthesis of 1,3,4,6-Tetra-O-acetyl-2-arylidene-2-deoxy--D-glucopyranose 4 (General Procedure).
In a 25 mL roundbottomed flask, in an ice bath, was prepared a solution of pyridine (6 mL) and acetic anhydride. And to this solution was added the imine 3 (3 mmol). The mixture was allowed to stir for 5 min at 0 ∘ C and then the reaction was stirred at room temperature for 24 h. After completion of the reaction, the reaction mixture was poured on cold water (10 mL) and then was maintained in the refrigerator for a few hours. The solid was filtered and washed with cold water to remove pyridine excess. 
1,3,4,6-Tetra-O-acetyl-2-(4-methoxybenzylidene)-2-deoxy--D-glucopyranose
Synthesis of 2-(Arylidene-amino)ethanol 5 (General Procedure).
In a 25 mL round-bottomed flask were added 2-aminoethanol 2 (3.05 g; 50 mmol) and the correspondent aldehyde (50 mmol) under strong stirring. After a few seconds there was a strong liberation of heat, with water formation. The mixture was stirred for 15 min and then evaporated in vacuum to eliminate water and unreacted reagents. The product was used without purification. Methoxybenzylidene) 
(E)-2-((4-
Synthesis of 2-(Arylidene-amino)ethyl Acetate 6 (General Procedure).
In a 25 mL round-bottomed flask, in an ice bath, was prepared a solution of pyridine (6 mL) and acetic anhydride. And to this solution was added the imine 5 (10 mmol). The mixture was allowed to stir for 5 min at 0 ∘ C and then the reaction was stirred at room temperature for 24 h. After completion of the reaction, the reaction mixture was treated with saturated aqueous ammonium chloride solution and the whole mixture was extracted 3 times with CH 2 Cl 2 and the combined organic fractions were collected, dried over MgSO 4 , and filtered and the solvent was then removed in vacuum. The crude mixture was purified by column chromatography on silica gel eluting with hexane ethyl acetate (9 : 1) and then with ethyl acetate. 
(E)-2-((4-
Methoxybenzylidene
2-((E)-((E)-3-
Conclusion
In summary, we presented in this report a simple and efficient approach for the preparation of sugar derived Schiff bases. The synthesized D-glucosamine derivatives were shown to possess biological activity when evaluated for antimicrobial International Journal of Carbohydrate Chemistry 5 activity against Gram-positive and Gram-negative bacterial and fungi strains.
